Headline: fish viscera hydrolysates for bacteriocin production.
Introduction
One problem associated with the production of lactic acid bacteria and bacteriocins on an industrial scale (especially for applications based on their probiotic effects) is their demand for diversified peptidic sources, which several commercial media (MRS, TGE, APT) resolve by including products such as bactopeptone, triptone, meat extract or yeast extract (sometimes all of these) in formulations which reach high prices. However, in the absence of special culture resources, such as the use of stepped pH profiles, (Cabo et al., 2001a) , the efficiency (substrate consumed/initial substrate) of these media is usually low, suggesting unbalanced proportions of nutrients. Thus, the peptidic materials which remain in the media at the end of the productive period constitute superfluous expenditure and hinder the subsequent purification of the bacteriocins obtained. The inorganic sources of nitrogen do not produce acceptable results (Guerra and Pastrana, 2001) , nor the -apparently obvious-solution of adjusting the initial concentrations of the protein sources to the detected consumption is suitable (Cabo et al., 2001b) . This is so because the peptones do not represent only a source of organic nitrogen, but rather a source of amino acids or specific peptides, therefore only a fraction of the quantities added is relevant.
Although in some cases the need for certain amino acids admits concrete justifications (such as contributing to the lantionine ring, in lantibiotic bacteriocins), studies in this respect do not totally explain the highly superior effects of complex protein sources (e.g. Kozak et al., 1977; De Vuyst, 1995) . Thus, attention was directed towards peptides (Biswas et al, 1991; Parente and Hill, 1992) , to which two types of role have been attributed. First, it has been shown that certain peptides (structurally similar to bacteriocins, or not; generated, or not, by the same bacteria) induce the biosynthesis of bacteriocins, entering into the cell and acting as activating signals for transcription, or -by means of a "secondary messenger" mechanism-activating a transmembrane protein from outside the cell, which produces the effective signal in the intracellular space. In the biosynthesis of nisin by Lactococcus lactis a self-induced secondary messenger mechanism acts, being the nisin excreted which activates the transmembrane protein (Kuipers et al., 1995) . The activating peptide excreted by Lactobacillus sake is only similar to bacteriocin (Eijsink et al., 1996) .
Other authors impute a less specific role (precursor or energetic) to peptides, and point out that the systems of transport through the membrane of lactic acid bacteria are more efficient with peptides than with free amino acids (Monnet and Gripon, 1994) ; or that the amino acids are protected from the catabolic reactions in the peptidic structures (Law, 1983; Payne, 1980) ; or that the intracellular hydrolysis of the peptides produces an energy which economizes carbohydrates during growth (Aasen et al., 2000) . It has also been suggested that efficacy in these respects requires a peptidic size of between 4 and 14 amino acids (Matthews and Payne, 1975) , though attempts to obtain more concrete definitions have not led to conclusive results. These functions, especially the second, make it reasonable to suppose that if an intestinal space can maintain a stable consortium of lactic acid bacteria -as numerous evidence suggests-, a relevant factor in the formation of the consortium is the composition of the peptidic fractions produced by proteolytic enzymes of the digestive tract. Thus, the autohydrolysis of viscera homogenates could generate peptidic fragments (peptones) suitable for the culture of lactic acid bacteria. While commercial peptones are derived principally from casein, soya, gelatine and meat, peptones from fish have already given good results in applications such as the production of proteases by Bacillus subtilis (Ellouz et al., 2001) , of gastrine and epidermal growth factor (EGF) by mouse fibroblasts (Cancre et al., 1999) , of glycerol by Saccharomyces cerevisiae (Kurbanoglu and Kurbanoglu, 2003) , and promoting good microbial growth in other cases (De La Broise et al., 1998; Duffosé et al., 2001 ). On the other hand, on coasts such as that of Galicia (NW of Spain), numerous industrial facilities dedicated to the transformation of fishing or aquaculture products generate extensive availability of reject viscera, currently wasted, and suitable for this use.
Based on these considerations, this study examines the suitability for the culture of lactic acid bacteria of media formulated with autohydrolysates of fish viscera obtained from different species and work conditions. The micro-organisms tested were two lactic acid bacteria, producers of the two most important bacteriocins: nisin (Lactococcus lactis) and pediocin (Pediococcus acidilactici). Two media were used as terms of comparison: commercial MRS (usual for the culture of lactic acid bacteria) and another in which the fish peptone was replaced by commercial bactopeptone. As criteria for comparison, in a first screening, the biomass and bacteriocin production for two incubation times were used. In a second set of tests with the most productive media, the assessment was based on the kinetic parameters of the cultures, obtained by numerical adjustment of the results to two mathematical models widely applied to this type of descriptions. After each incubation period, the autohydrolysates were stabilised by steam flow (101ºC/1 hour) and were treated in a centrifuge decanter at 6000 rpm for 15 minutes (small volumes may be paper-filtered in a Büchner), to obtain the corresponding sediments (potentially useful as substrate in biological silage) and supernatants. The supernatants (or fish peptones) were typified determining the levels of total nitrogen, remaining protein, leucine and tyrosine released, and total sugars, and then stored at -20ºC until the time of their use in the formulation of culture media. The basic composition of peptones at natural pH, with the hydrolysis degree corresponding to time 0, is shown in Table 1 .
Materials and methods

Preparation of fish autohydrolysates
Microbiological methods
The micro-organisms used were Lactococcus lactis CECT 539 (abbreviated key Lc 1.04) from Spanish Type Culture Collection, and Pediococcus acidilactici NRRL B-5627 (Pc 1.02), kindly provided by the Northern Regional Research Laboratory (Peoria, Illinois, USA).
Carnobacterium piscicola CECT 4020 was used as an indicator for bacteriocin bioassay. Stock cultures were stored at -50ºC in powdered skimmed milk suspension with 25% glycerol (Cabo et al., 2001b) . Inocula (1% vol/vol) consisted of cellular suspensions from 12-(Lc 1.04) and 24-(Pc 1.02) hour aged cultures in MRS medium, adjusted to an OD (700 nm) of 0.900.
The composition of the media is shown in Table 2 . For comparative purposes, a medium (BP) was used where the fish peptones were replaced by a commercial bactopeptone solution with an equivalent protein level (Lowry) , as well as an MRS commercial medium. In all cases, initial pH was adjusted to 7.0 and solutions were sterilised at 121ºC for 15 min. Micro-organisms were grown in 300 ml Erlenmeyer flasks with 200 (Pc 1.02) or 100 ml (Lc 1.04) of medium at 30ºC, with 200 rpm orbital shaking. The cultures were carried out in triplicate. At pre-established times, each culture was divided into two aliquots. The first was centrifuged at 5,000 rpm for 15 min, and the sediment washed twice and re-suspended in distilled water to the adequate dilution to measure the absorbance at 700 nm. The dry weight can then be estimated from a previous calibration curve. The corresponding supernatant was used for the determination of reducing sugars (Bernfeld, 1951) , proteins, glucose, lactic acid and acetic acid. The second aliquot was used for the extraction and quantification of bacteriocin. All assays were carried out in duplicate.
Analytical methods
The proteins were determined in all matrices (hydrolysates and supernatants of cultures) by the method of Lowry et al. (1951) . In the case of the hydrolysates, total nitrogen (Havilah et al., 1977 , applied to digests obtained by the classic procedure of Kjeldahl), tyrosine (Barker and Worgan method, 1981) , leucine (Sarath et al., 1989) and total sugars (Dubois et al., 1956 according to the application of Strickland and Parsons, 1968) were also determined. In the case of the supernatants, glucose, lactic acid and acetic acid were quantified by HPLC analysis (refractive-index detector), using an ION-300 column (Interaction Chromatography, USA) with 6mM sulphuric acid as a mobile phase (flow=0.4 ml.min -1 ), at 65ºC. Methods for the extraction and quantification of bacteriocin were described in detail by Cabo et al. (1999) and Murado et al. (2002) , using Carnobacterium piscicola CECT 4020 as an indicator.
Numerical methods
Fitting procedures and parametric estimations calculated from the results were carried out by minimisation of the sum of quadratic differences between observed and model-predicted values, using the non linear least-squares (quasi-Newton) method provided by the macro 'Solver' of the Microsoft Excel 97 spreadsheet.
Results and discussion
Autohydrolysis of viscera homogenates
The method described for the obtaining of hydrolysates leads in all cases to the recovery of 0.7-0.8 litres of peptonated solution per kg (fresh weight) of processed viscera, with no statistically significant differences due to the species. The progress of the hydrolysis slightly increases the volume recovered, in equivalent proportions in all species (up to 10-15% after 48 hours). variations through time could detect the existence of differentiated phases in the corresponding processes, potentially useful for establishing borders. This was not so; even if there were occasional differences derived from the species, the amino acid considered and the initial pH value (which remains approximately constant throughout hydrolysis), in general terms, all the processes showed basically asymptotic tendencies during the period studied, without any irregularities which might imply important changes in the mechanisms of the hydrolysis. It may be added that according to released leucine -which seems to be a more discriminative indicator than tyrosine-, the highest initial pH (i.e. that of the unmodified homogenate) is generally the most favourable for hydrolysis.
L. lactis and P. acidilactici cultures on fish peptones
Samples of the cultures, the kinetics of which conform to the logistic model, were taken at times corresponding to the logarithmic phase and the beginning of the asymptotic phase , which inhibit the growth of certain micro-organisms.
Cultures with selected fish peptones
In order to obtain a more detailed and formal description of microbial growths on fish peptone media, the 32 cultures (Table 7) resulting from the combination of the two bacteria tested with the four hydrolysates of each species which led to the best bacteriocin productions were subsequently carried out, using MRS medium as a term of comparison. As well as biomasses, bacteriocins and pH, in these cultures the levels of metabolites characteristic to lactic acid bacteria (lactic acid and acetic acid, the latter an indicator of heterofermentative metabolism)
were determined, likewise the consumption of glucose, proteins, total nitrogen and total phosphorus. Figures 2 and 3 show the time-courses in the case of peptones from trout, which are representative of the joint of the results. As a whole, results are consistent with the assessment derived from the earlier screening, and may indicate the advisability of rejecting media SF2, SF3
and SF4 for nisin production, due to their prolonged lag phase (SF2) or low production (SF3 and SF4) promoted with Lc 1.04.
Kinetic models
There are many models applicable to the description of microbial growth and metabolite production, with the possibility of inputting terms useful in particular cases, such as those which translate dependences on temperature or pH (e.g. Rincon et al., 1993; Gadgil and Venkatesh, 1997; Åkerberg et al., 1998; Cabo et al., 2001a) , or inhibition by substrate or product (e.g. Åkerberg et al., 1998; Hofvendahl et al., 1999; Kumar et al., 1996; Gonçalves et al., 1997; Cachon and Diviès, 1994; Callewaert and De Vuyst, 2000) . Among the most generally used models which adapt to sigmoid profiles such as those in figures 2 and 3, we find the Gompertz and logistic equations.
The first, useful with data which present appreciable phases of latency (such as those of processes which require adaptation of the inoculum to the medium), is of a more complex structure than the second and, in its habitual form with microbiological applications (reparameterised by Zwietering et al., 1990) resorts to the logarithmic normalisation: (Cabo et al., 2001a) . To do this, we start from the following assumptions:
1: The production of biomass as a function of the time is given by:
2: The rate of bacteriocin production r P can be described by means of the classical model of Luedeking and Piret (1959) :
commonly expressed by dividing both terms by biomass, so:
; and:
This formulation enables microbial metabolites to be classified as primary (production rate dependent on rate of biomass production: 0 and =0), secondary (production rate dependent on biomass present: =0 and 0), and mixed (production rate simultaneously dependent on growth rate and biomass present: 0 and 0).
3: The numerical integration of rate r X provides the actual biomass X R . Substituting r X and X R in the Luedeking and Piret equation, the actual rate of bacteriocin production, r P , can be obtained: Tables 8 and 9 , where the estimations of the parameters and yields defined in the summary of symbolic notations (Table 10 ) are shown. It may be noted that both nisin and pediocin (of which it is known that they can behave as primary or secondary metabolites depending on the media and culture conditions) behave basically in these media as mixed metabolites (the fittings of the corresponding productions to the equation [5] are better when the restriction =0 is omitted).
Conclusions
1: On coasts where industries dedicated to the transformation of fishing or aquaculture products are plentiful, the high proportions of viscera waste derived from that activity (and which represent nothing but an environmental problem) allow to obtain, in a simple and rapid way, autohydrolysates (from cephalopods, seawater and freshwater fishes) useful as microbiological culture media. This work demostrates that these hydrolysates can substitute other peptones in the habitual formulations for culture of lactic acid bacteria, promoting biomass and bacteriocin productions that equal or surpass those obtained on high-cost media recommended for these purposes. Previous results (Cabo et al., 2001b; Vázquez et al., 2003) showed that yeast extract (Lowry) 10 0 .0 --
The four types of fish peptones defined in Table 1 . Table 7) , and on commercial MRS medium ().
X: biomass, BT: bacteriocin (nisin), G: glucose, LA: lactic acid, AA: acetic acid. 
